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 i 
ABSTRACT 
Advancement in hardware and software technologies has allowed 
surveyors to complete the project at new level of precision. Presently 
surveyors rely on modern electronic based equipments, such as the 
total station and global positioning system to execute their daily 
tasks.  
 
3D terrestrial laser scanner is a relatively new technique in the 
Singapore local surveying industry. This system is capable of 
capturing large amount of 3D spatial information, in the form of 
point clouds, in a very short period of time. As in any new surveying 
technique, its unknown capabilities and accuracies has always been a 
factor that prevents surveyors from investing in new equipment. 
 
Topography information and earthwork site clearances are the initial 
requirement in construction activities. Surveyors generally provide 
deliverable using the conventional method of surveying. This 
research project aims to examine the capabilities and accuracies of 
employing laser scanning technique to applications of earthwork and 
topographical surveys. To achieve this aim, a comparison of results 
generated by both the traditional and laser scanning methods were 
conducted at an excavation project site and at a strip of public road. 
 
Analysis of the results shown that the spatial information obtained 
by laser scanning were comparable to traditional survey in term of 
accuracy. Laser scanning has its advantages in earthwork application; 
however that is a need to integrate traditional total station in 
topographical survey. 
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GLOSSARY OF TERMS 
 
3D: 
A region in space that display the width, space and height of a point 
 
Contours: 
Map lines that are drawn in maps or plans that connect areas of equal elevation. 
 
Coordinates: 
A directional orientation under which all geographical information is recorded 
in the database.  
 
DTM: 
A land surface generated digitally by 3D coordinates grids. 
 
Electro-optical distance measurement (EDM): 
The distance is determined by the measurement of the time intervals taken by 
the electromagnetic wave passing between two points. 
 
Elevation: 
A vertical distance measured on ground in relation to mean sea level. 
 
Geomatics: 
Geomatics is the design, collection, storage, analysis, display, and retrieval of 
spatial information.  
 
Global positioning system (GPS): 
A system use to fix the position of points on the surface of earth by measuring 
the wave lengths emitted by a constellation of orbiting satellites in space. 
 
Light detection and ranging (LiDAR): 
An active remote sensing system that uses laser light beams to collect height 
or elevation data. 
 
xii 
Outlier: 
Outlier is an observation having a residual too large from the other 
observations. 
 
Real Time Kinematics (RTK) 
Method of positioning points in real time using global positioning system. 
 
Remote sensing: 
Recording and analyzing of image data from a distance. 
 
Residual: 
The difference between the observed quantity and that value of the computed 
quantity.  
 
Spatial information: 
Information of location, shape and relations to geographic features stored as 
coordinates. 
 
Survey controls: 
A system of points with established positions and elevations which are used as 
fixed geo-referencing. 
 
Terrestrial laser scanning: 
The capturing of surfaces or objects with laser light beams to triangulate 
profiles in the form of point clouds at ground level. 
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CHAPTER 1 
INTRODUCTION 
 
 
1.1 Introduction 
 
 Technology advancement has changed the aspect on how things are 
being done from simple to complex tasks in the areas of geomatics 
engineering. The plane table, theodolite, chain have been replaced by 
the electro-optical distance measurement (EDM) in the late seventies. 
And over the years, new technologies in microchips further improve 
the quality and quantity of surveying with instruments such as the 
total station, global positioning system (GPS), digital level and hand-
held data collectors. In addition to hardware improvement, there have 
been significant leaps in software solutions for surveyors. Taking 
advantage of the new technologies, surveyors complete tasks that 
have been performed for many years to a new level of precision. One 
of the fast emerging technologies is the ground based light detection 
and ranging (LiDAR) or 3D terrestrial laser scanner (TLS) system.   
 
 Surveyors’ common considerations for a given project are: 
• Size of the task 
• The accuracy requirement 
• The availability of manpower and equipments 
• The accessibility to work site and site conditions 
• Economical scale factor 
 
For an earthwork, stockpile and road topographical survey projects, 
the common techniques employed to complete the task are either by 
conventional total station method or by using GPS RTK system. In 
both methods, surface profiles are mapped by survey personnel 
selecting the desired location on the ground and these points are 
coordinate and recorded with the instrument. The amount of points 
surveyed is dependent on the mobility of the survey crew. Three to 
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four survey teams, each comprising of a 3-men crew, are required to 
survey large excavation, stockpile and road project sites using the 
traditional method. The crews are reduced to 2-men crew when 
applying the GPS method. Using the TLS, the system captures 
thousand to million of spatial points in a short period of time over a 
single setup of the equipment and without the movement of survey 
personnel. These point clouds provide a high level of geometric 
representation of the site details as compared to traditional surveying 
method. 
 
This research project on the accuracy of the TLS system in earthwork 
and road topographical survey applications, will provides the 
surveying professionals and business clients, a confidence level to 
the adoption of this tool. 
 
1.2 The Rationale Behind The Study 
 
 When GPS first made inroads to the Singapore surveying industry, 
the professional firms hesitate to take on this technology due to the 
high equipment cost and uncertainties in the delivery achievable. 
After almost ten years, this cycle repeats itself with the new 
terrestrial laser scanning technology. 
 
 In today competitive business, professional survey firms need to 
constantly re-invent and to use technology to provide fast and 
accurate deliverable data. Laser scanning technology is capable of 
capturing huge amount of 3D spatial information in relatively short 
time frame. As with any new technology, ‘how applicable, accurate 
and cost effective is the system to the project?’ would be asked.  
 
 Traditional survey method has been the main stay of engineering 
survey in both earthwork and topographical survey. This method of 
capturing data can be time-consuming and labour-intensive. An 
alternative way of capturing spatial data is by using the TLS. A scan 
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consists of thousands of dense point cloud data and will captures 
everything within the selected scanning window frame. Justification 
on the effectiveness of this system leads to this research study 
regarding the use of TLS in engineering survey for earthwork 
application and road topographical survey. 
 
1.3 The Problem 
 
 Unstable soil condition and site constraint creates an unsafe 
environment for traditional surveying in deep excavation works. Fast 
moving vehicles on roads are a concerned for the surveyor and the 
closing of traffic lanes are not feasible. The use of new TLS 
technology leads to unknown factors and therefore the need to 
examine the accuracy of point measurements and the post processing 
deliverables. 
 
1.4 Research Objectives 
 
 The aim of this research project was to examine the accuracy of TLS 
scanned data in the applications of earthwork and road topographical 
surveys as compared to traditional survey. This was achieved by 
performing the following: 
 
• Select the appropriate sites that create working scenario for the 
 system. 
• Conduct a traditional survey of the excavation. 
• Conduct a 3D laser scanning of the excavation. 
• Compare the spot levels measured by the traditional survey as 
against those extracted from the scanned model. 
• Compare the volume generated by both survey methods using 
different software for each method. 
• Conduct a 3D laser scanning of a strip of road. 
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• Prepare a meshed model of the road from the scanned point 
clouds. 
• Extracted random point information from the meshed model for 
staking out on site. 
• Compare the difference in stakeout information with that of 
extracted information 
• Comments on the measurements results attained. 
 
1.5 Conclusion 
 
This research aims to analyse the measurement accuracy obtained by 
using the TLS in engineering surveying application for earthwork 
and road topographical surveys. Presenting the findings would 
provide a level of confidence to the surveying professionals and 
clients alike in accepting this alternate technique in completing the 
given tasks. 
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CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1 Introduction 
 
 In the beginning, pacing by the number of steps was the method of 
determining the distances between two points on ground. The 
argumentations of whose steps were wider or smaller were dispelled 
by the introduction of chain, plane table and theodolite in the later 
years as a form of mapping. In the 1970s, electro-optical distance 
measurement (EDM) revolutionized the whole surveying industry. 
Total stations are the upgraded version where the EDM system is 
built into the theodolite. In the past decade, global position system 
(GPS) has been in use for position fixing. As technology continues 
to advance, surveying equipments becomes more sophisticated, 
powerful and ease of use to the surveyors. Although technology 
inclined, each technique is a supplement to the other technique, they 
never overwrite each other. The latest innovation in surveying 
technique is the terrestrial laser scanner (TLS).  
 
 This literature review provides an insight to the concept of TLS and 
its comparison with the traditional total station. This review will 
include information on how TLS has provided in the capturing of 
three dimensional (3D) spatial data through varying applications and 
past tests conducted.  
 
 This paper is written for readers’ interest in the applications of TLS 
in earthwork and roadwork engineering surveying. Readers can 
supplement their interest and knowledge by further referring to 
available documentations in established institutions and libraries. 
 
 
6 
2.2 What is terrestrial laser scanner? 
 
 Terrestrial laser scanner uses light detection as a form of 
measurement. The scanner emits a narrow laser beam to scan objects 
of interest. Using the internal mechanism of mirrors and motors, TLS 
sweeps its beam across the selected scene. For the measuring of one 
point on the object surface, three observations are made, the range d 
and two angles α, the horizontal angle and β, the vertical angle. The 
coordinates of a point is converted from spherical to the Cartesian 
system by; 
 
    X  cos α cos β 
    Y =    d    sin α cos β 
    Z     sin β 
 
 
  
 These captured ‘points clouds’ when displayed graphically, form a 
dense 3D image of the surrounding scene. This image can be 
navigated and measured as in true site condition. 
  
  
 Figure 2.1 Principle of tacheometric laser scanner 
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2.2.1 Measurement of light 
 
 From the early centuries, physicians and scientists have studied on 
the properties of light. Experiments have let to invention of 
instrument that uses light as a mean of measuring distances between 
source and object. Light detection and ranging (LiDAR) technology 
has improved tremendously since the first terrestrial measurement 
was by Hippolyte Flzeau in 1849 (Lawrence S. Lerner, 1997).  
 
 The device Flzeau is a simple apparatus that allows light to pass 
through an inclined glass plate and between the clogs of the rotating 
wheel (Figure 2.1). By observing the two-way traveling time of the 
light, ∆t over the speed of light in a vacuum, c, the measured range is 
determined. 
      
Range, ρ =  ½ .c.∆t 
 
 
 
 Figure 2.2 Flzeau Apparatus (source: Lawrence S. Lerner, 1997) 
 
2.2.2 Classification of Terrestrial Laser Scanner 
 
 Airborne LiDAR has been one of the main stay of remote sensing 
and aerial surveying. Only in the early nineties that ground based 
LiDAR or terrestrial laser scanner (TLS) marks its entry. There are 
three types of TLS, firstly the time of flight (TOF) TLS, secondly the 
pulse phased or modulation based TLS, and lastly the triangulation 
TLS. 
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Measurement 
Technology Range (m) Accuracy (mm) Manufacturers 
<100 <10 
Callielus, Leica, 
Mensi, Optech, 
Riegl Time of 
flight 
<1000 <20 Optech, Riegl 
Pulse phased <100 <10 
IQSun, Leica, 
VisImage, Zoller 
+ Frohlich 
Optical 
Triangulation <5 <1 Mensi, Minolta 
 
Table 2.1 Classification of laser scanners 
Source: Fröhlich, C.; Mettenleiter, M. 
 
 Instrumental errors, angular resolutions and distance accuracies can 
be defined. However, the mechanical design of laser scanners is 
different from that of total stations, hence manufacturer have yet to 
define a common specification. As stated by (Frohlich and 
Mettenleiter), classification of TLS is difficult because there is no 
one universal TLS for all conceivable applications. They suggested 
two possibilities, either based on measurement principles or on 
technical specifications achievable. This issue should not perceive in 
near future if manufacturer works towards one single specification as 
they did with traditional surveying instruments. 
 
2.2.3 Principle of Terrestrial Laser Scanner 
 
Most TLS system in the market uses the time of flight (TOF) 
approach, which enables two-target detection by “first-last pulse” 
evaluation (Hilmar Ingensand, 2006). The components of a TLS 
consist of a range measurement system and deflection mirrors. Range 
distance is obtained by measuring the time taken for the laser beam 
to travel from the scanner to the targeted object and back to the 
scanner. The deflection mirrors, rotate by servo motor, point the laser 
beam to the object to be measured and records the horizontal and 
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vertical angular movements. The combination of the range 
measurement and the angular readings enable the computation of 3 
dimensional (3D) spatial position of the point on the object. 
 
 
 
 
 
 Figure 2.3 Working principle of TOF (source: Jia-Chong Du, Hung-Choa 
Teng, 2007) 
 
 
 
 
 
2.2.4 Comparison between Total Station and TLS 
 
 The difference between a tradition total station and a TLS is the 
former emits its beam on a single point to make individual 
measurement. TLS sweeps its beam to cover the surrounding scene 
with hundreds or thousands of closely spaced points. The salient 
properties of TLS are the high temporal scanning frequency, high 
spatial point density, accuracy and reflector less nature of scanning 
(Lichti, 2002).  The following table shows the general differences 
between the two types of instrument. 
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TS TLS 
A single point for each 
observation 
A mass of dense point for each 
second of 
observation 
Effort of observation is high 
per point 
Minimum effort required per 
point 
Choice of points determined 
during 
measurement 
Choice of points during post-
processing 
Points if survey the second 
time on the same 
objects will differ 
Points are identical if survey the 
second time 
Quality of survey depends on 
points 
Quality of survey depends on 
geometrical elements 
 
Table 2.2 Comparison between TS and TLS 
  
2.2.5 Application of Terrestrial Laser Scanner 
 
 The most commonly use TLS is the time of flight approach. 
Applications in TLS can be divided into two categories, the 
kinematic laser scanning and the static laser scanning. The latter is 
further sub-group by the range of TLS (figure 2.3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 Chart showing the TLS applications 
TLS 
Kinematic scanning Static scanning 
Road / Rail 
 
Mobile mapping 
Long Range 
150m – 1000m 
Medium Range 
50m-150m 
Close Range 
2m-50m 
Monitoring 
 
Built Environments 
 
Mining 
 
Geology 
 
Petrol  
& Gas Industries 
 
Civil Engineering 
Reverse 
Engineering 
 
Public investigation 
 
Medicine 
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In kinematics laser scanning, scan data are captured on moving 
platform such as automobiles and work trains. Scanners are mounted 
on these moving vehicles and scan points are recorded as the vehicles 
moves on its routes. This type of scans is mainly use for roads and 
mobile mapping applications. 
 
S.J. Yu et al. (2007) in their reports, proved the advantages of laser 
scanning over traditional imaging procedure in assessing distress in 
road surfaces. The method of using video imaging only produces 2D 
images and to achieve 3D information requires the placement of two 
cameras to record stereo images. However, the accuracy from the 3D 
reconstruction has not been sufficient for distress analysis (S.J.Yu et 
al, 2007).  By employing TLS, the detection of cracks that are not 
detected by traditional imaging can be captured. 
 
The capability of capturing dense point data of image-like quality 
from inaccessible and hazardous situation made TLS a suitable 
system in monitoring, built environment and mining surveys. 
Depending on the type of scanner, the precision of individual points 
is at ± 2mm – 50mm (1σ) level. For precise structural deformation 
monitoring the data are not adequate for this type of application 
(Gordon and Lichti, 2007). However, modeling the entire point cloud 
may assist in the representation of shape changes. They developed 
and test a methodology for measuring the vertical deflection of the 
beams and concluded the advantages of TLS over photogrammetry is 
that TLS gives and full surface representation and does not have an 
inherently weak dimension because of a single setup geometry. 
 
In a built environment survey, the point clouds are meshed to create a 
3D model of the buildings or sculptures. The models can be work on 
from any computer aided design (CAD) platform for restoration 
studies, addition and alteration to existing building and even virtual 
tourism. Google Earth is an example of virtual interaction using 3D 
models. 
12 
 
Close range scanning are useful in reverse engineering, in the field of 
medicine and investigation procedure. Reverse engineering is the 
process of extracting the 3D information of an existing component 
and replicates an identical item from the CAD model. This is useful 
where old records of components are lost or destroyed. Close range 
scanning are useful in forensics investigation and documentation. 3D 
model of accident scenes can be generated from the point cloud data 
and investigation into the cause are analyzed off the site. 
 
Geology, petroleum – gas industries and civil engineering deployed 
the medium range TLS for their applications. In recent years, 
onshore petroleum geologists built highly detailed 3D model of 
outcrops by capturing geospatially referenced images of the surface 
by TLS. Highly detailed spatially precise models in real-world 
surfaces enable geoscientist to visualized, analysed and interpreted 
the outcrop in the laboratory. The use of TLS in engineering 
surveying is not extensively as compared to the other applications. 
Topography, earthworks and stockpiles are the areas TLS can be 
applied.  
 
In their study of landslide earthwork volume estimation, Jia-Chong 
Du and Hung-Chao Teng (2007) proposed the use of TLS and GPS 
to capture the collapsed face of a hill slope. The survey employed a 
single scan setup in front of the landslide surface with four target 
locations that was coordinated by using GPS. The resultant 
inaccuracy in volume calculation was due to the interpolation of 10m 
contour from the original 50m contour map as emphasized by the 
authors. 
 
 Seiichi Nagihara, Kevin R. Mulligan and Wei Xiong (2004) tested 
the TLS system to capture the topography of sand dunes located at 
the White Sands in New Mexico. Using the medium range TLS they 
map a dune of approximately 4m in height and 50m in length. 
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Numerous registration targets are placed around the subjected object. 
The authors highlighted that, for a pair of scan to be merged together, 
each scan must share at least three of these targets. They obtained 11 
sets of scan from 6 different positions and all targets are position 
with GPS to tie the survey to real world coordinates. Scanning was 
carried out with larger resolution of 15mm spacing to reduce the 
duration of the survey with exception of the targets which was 
scanned a 6mm spatial resolution. They noted that although the scan 
was of a larger resolution, the overlapping of scan created more 
dense points than the 15mm spacing. The point clouds were post-
processed and a 3D model of the surveyed dune was created with 
CAD for visualization. 
 
 With deep excavation work in urban environments, acquiring of 
accurate records at different stages is critical to understanding and 
predicting the behavior of field excavation as well as impacts on 
neighbouring infrastructure (J.N. Oliveira et al, 2005). Traditional 
way of collecting field data can be both labour intensive and time 
consuming in limited work area with uncertain ground condition. As 
stated without timely and precise field observation, many predictive 
models will be unsuccessful. To address this problem, the authors 
proposed the use of TLS technology. Terrain meshed model was 
created from the scan points. By having an excavation profile from 
the 3D terrain mesh model, engineers are able to analyse and to take 
necessary rectification actions.  
 
 
2.2.6 Factors Affecting Accuracy of TSL 
 
 The accuracy and comparison of various TSL have been well 
documented by various authors. 
 
 Kersten et al. (2005) have noted the systematic errors of 3D distance 
measurements might be caused by the algorithm for the 
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determination of the distances from the point cloud. Trunnion axis 
errors are caused by the instability of the instrument base and tripod. 
 
 The strength of the laser returning signal depends on various factors 
such as distance, atmospheric conditions, incidence angle, and the 
reflective abilities of the surface (W. Boehler et al, 2003). 
  
 The accuracy of distance measurement depends on the intensity of 
the laser light and the reflectivity of the object surface depending on 
the angle of incidence and surface properties. Investigation by 
Kersten et al (2005) into the reflectivity shows a correlation between 
colour, intensity and dispersion of points. 
 
 Fizeau found that speed of light in transparent materials such as 
water or glass is less than the speed of light in empty space 
(Lawrence S. Lerner, 1997). Intensity increases in close range and 
deceases in medium range when scanning wet object surfaces (Lichti 
and Harvey, 2002). 
 
 In any geomatics surveying, no dimension measurements are error 
free. This applies to terrestrial laser scanning, as every point cloud 
produce from scanning does contains gross error. Boehler et al (2003) 
conducted various tests to determine the scanning accuracy and 
concluded that although accuracy is secondary in certain application, 
the resulting strain in error between neighbouring points can be 
cumbersome when modeling surfaces and detection of fine details. 
 
2.2.7 Outlier of Observed Points 
 
 What is outlier in laser scanning? As Hawkings (1980) defines an 
outlier as an observation that deviates so much from other 
observations as to arouse suspicion that it was generated by a 
different mechanism. 
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The detection and removal of outlier from the dataset is important 
stage before the modeling of the scanned objects. Outlier occurs 
when there are geometrical discontinuities, existence of noise and 
different local point densities. (Sotoodeh, 2007). 
 
 Investigation by Sotoodeh (2006) revealed that outliers are caused by 
surface reflectance, for example black objects, glasses and slick 
metal surfaces. The laser beam hitting a surface with a low incidence 
angle will divert the ray to other surfaces which then reflect the 
secondary ray back to the laser scanner. This process is known as 
multi path reflection (Sotoodeh, 2006). Another factor is when the 
laser beam hits a boundary of occlusion; it divides into two parts, 
each of which radiate one front and back of the surface incidence to 
the occlusion boundary. When the spot move across the occlusion, a 
virtual point between the front and back will be recorded (figure 2.5). 
 
 
Figure 2.5 Illustration showing erroneous point at boundary of     
occlusion 
 
 
One of the ways to remove outlier of scanned dataset is segmentation. 
Segmentation is a process of separating the unwanted points from the 
background of the original point clouds. The result of the final 
structures extraction depends on the reliability and accuracy of the 
segmentation (Gonzalvez et al 2007). 
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The process of removing outlier by segmentation is a tedious task 
especially when the dataset is million of points. Researches into this 
field have made some in-road of semi-automated segmentation. 
 
2.3 Conclusion 
 
This chapter describe the early experiment of light measurements and 
the conceiving of the first terrestrial distance measurement. The 
function and component of TLS and its differences with tradition 
total station is discussed. The various applications and tests carried 
out by others were commented. From the various reviews, the factors 
of environmental, materials, colours and surface textures and 
instrumental stability are the main causes of laser scanning errors.  
 
Finally, the need in segregating outlier of the scanned point clouds 
during post-processing. Outliers are unwanted “noisy” points of a 
point cloud. The removable of outlier is an essential task to generate 
a true model of the object. 
 
 
. 
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CHAPTER 3 
 
RESEARCH DESIGN AND METHODOLOGY 
 
3.1 Introduction 
 
 Earthwork and topographical survey are normally being carried out 
by either one of the following methods; conventional total station, 
GPS-RTK, airborne LiDAR or photogrammetry. Each technique has 
its strength and weakness. For instance, GPS-RTK surveys are able 
to capture real time information but are unable to receive satellite 
signal under canopies of trees and buildings. Airborne LiDAR scans 
large area of lands but have poor resolutions. Photogrammetry, 
although has high resolutions, captures small area of the scene. Total 
station records accurate point data, but need more manpower and 
time to complete.  
 
 With the development of ground-based LiDAR or TLS, this system 
adds a new dimension to engineering survey. As in any new 
technology, the perception of engaging the TLS system in carrying 
out engineering survey is always the question of functionality and 
cost. In this research design, an earthwork survey and a road 
topographical survey were conducted using the TLS system.  
 
3.2 Scanner Hardware 
 
 The main component of the 3D scanning system is the physical 
scanner itself. Many 3D scanners are not well suited for engineering 
survey where mobility is an issue because of their large size and 
huge battery set. The Trimble VX Spatial Station, a portable scanner 
that works and operates with flexible power source was used in the 
study. The scanner can works on either a ground supply or a 
camcorder size 11.1 V battery that slot into the instrument battery 
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compartment. The capturing of the scanned points data were 
transmitted to the hand held data logger by either the standard 
universal serial bus (USB) cable or by the internal radio link. With 
the radio link method of downloading, field portability was greatly 
enhanced as the surveyor could carry out other survey works instead 
of manning or stationed at the scanner location. As the instrument is 
equivalent to the size of a total station, the system can be backpacked 
for easy movement. 
 
 
Figure 3.1 Trimble VX Spatial Station 
 
 At fifteen points per second of scanning, the VX Spatial Station is 
able to scan an area in a 359º field of view (FOV) rotating at the 
vertical axis and at 88º field of view at trunnion axis. Its pulsed laser 
diode is class 1 eye-safe and has a range of 150 meters of single 3D 
point accuracy of 10mm.  
 
 The Trimble VX supports a survey workflow via: 
• A tribrach with optical plummet that ensure the scanner is precisely 
positioned over the survey control point. 
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• The instrument can be detached from the tribrach for forced 
centering during traversing or to allow GPS receiver to be mounted 
for positioning as part of an integrated survey. 
• Defined mark for accurate instrument height measurement. 
• A dual-axis auto compensator for leveling of instrument over known 
points. 
• A built in camera that captures high resolution photographs of the 
scene or objects. 
• A fully charged camcorder battery enables approximately 6 hours of 
continuous scanning. 
 
3.3 Processing Software 
 
 To achieve an efficient workflow from field to office, the Trimble 
VX is supported by the Trimble Survey Controller and the Trimble 
RealWorks Survey Advance software. The Trimble Geomatics 
Office software was used to compute an independent comparison 
against the RealWorks Survey software. 
 
3.3.1 Trimble Survey Controller Software 
 
 The Trimble Survey Controller software is designed for the Trimble 
TSC2 field data collector. Apart from supporting a typical scanning 
workflow, it also fully supports conventional surveying and GPS 
positioning. 
 
3.3.2 Trimble RealWorks Survey Advanced Software 
 
 This software provides a set of tools for the processing of 3D point 
clouds and 2D photograph images. Basically, there are three modes 
of processing: the Registration mode, the OfficeSurvey mode and the 
Modeling mode. 
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• The Registration mode is where overlapping scans can be registered 
as one. If the data contains target scanning, the registration entities 
can be analysed first before register. This mode also enables the scan 
data to geo-reference to a known coordinate system. 
• In the OfficeSurvey processing mode, one can manipulate the point 
clouds, carrying out 2D drawing, generate 3D triangular mesh, and 
extract measurement from the surfaces. Profiles along road kerbs, 
pavements and other features can be extracted and fitted with a 
geometry which can be planar, spherical or cylinder shape. This 
mode also provides volume calculation to stockpile scanning data. 
The results can be exported as CAD or ASCII format to integrate 
into other vendors’ software programs. 
• The modeling processing mode enables the creation of the following 
geometries types: sphere, plane, cylinder, etc. These creations are 
based on point cloud selection and can be modified by various tools 
available in the mode.  
3.3.3 Trimble Geomatics Office Software 
 
 This software allows the integration of a variety of surveying 
techniques that includes GPS (RTK and post processing), 
conventional total station (servo and robotic), levels and lasers. 
 The application of usage for this software is generally for: 
• GPS baseline progressing 
• Survey network adjustment 
• Processing of GPS and conventional topographic survey 
• Datum transformation and projections 
• Importing and exporting of survey field and design data 
• Geographical Information System (GIS) data capturing 
• Digital terrain modeling and contouring 
• Feature coding for CAD processing 
• Quality assurance and control of data 
• Survey project management reporting 
21 
 
3.4 Study Area 
 
 Three locations have been identified for this research study. As in 
Total Station EDM calibration for distance measurement, TLS laser 
distance measurement has to be checked against manufacturer’s 
published specification. The EDM baseline of the Singapore Land 
Authority (SLA) located at the Lower Pierce Reservoir is used for 
the calibration test. 
 
 For the scanning field survey, the second site was located at the 
Laguna National Golf and Country club situated off the eastern coast 
of Singapore. The Club is currently undergoing a renovation of its 
World Classis 18 holes course. This provided a real working 
situation to test the system for earthwork survey. There were three 
new ponds needed to be reconstructed and pond number 2 was 
selected for this case study. 
 
 
Figure 3.2  Aerial photo – site location of pond 2 (courtesy of Google Earth) 
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For the study on the feasibility of scanner capturing topographical 
details, a third site selected was a 200 meters road strip at Venus 
Drive. The road is two lane wide with planting strips and footpath on 
both sides. The traffic volume for the stretch of road was relatively 
light.  
 
 
Figure 3.3        Aerial photo – site location of Venus Drive                      
(courtesy of Google Earth) 
 
3.5 Laser Beam Distance Measurement Test 
 
 To have a 95% confident level in the laser beam measurement, an 
independent test was carried out against the standardized electronic 
distance measurement (EDM) baseline of the Singapore Land 
Authority (figure 3.4) to validate the manufacturer’s specification of 
the instrument regarding the single 3D point accuracy of 10mm at ≤ 
150m. The baseline approximately 450 meters in length and consist 
of a total of seven pillars lined in a straight line of varying intervals. 
Pillar 4 to pillar 7 was used in the calibration observation.  
 
 The target used was Leica’s flat circular 60mm diameter plate with 
reflective paper on its side of the plate. Measurements were taken 
concurrently from pillar 4 to 5, then to 6 and finally to 7 for the first 
measurement. The scanner was moved to pillar 5 for the next setup 
and the measurement sequence was from 5 to 4, 5 to 6 and 5 to 7. 
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The procedure continued for setup at pillar 6 and 7 to complete the 
baseline measurement. 
 
 
 
 
 
Figure 3.4 Calibration of scanner at EDM baseline 
 
 
3.6 Earthwork Survey 
 
 The excavation site measured 250 meters long by 55 meters wide and 
4 meters deep. The proper planning of the survey control points was 
essential in the proper execution of the work. As the scanning for the 
earthwork was in working environment, the survey procedure was 
conducted in the local survey datum.  
 
3.6.1 Control Survey 
 
 Four control stations were carefully selected and established around 
the excavation site. These four control stations were coordinated to 
the true local survey datum (SVY21 datum) by setting up the GPS 
receiver over each control points. Geo-referencing of these points 
was by logging into the Singapore Land Authority’s GPS Virtual 
Referencing System (VRS). To maintain a high degree of precision, 
at each setup a minimum of two observations were carried out. This 
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was to eliminate gross errors in the event of atmospheric 
disturbances. The average of the readings will be the reduced 
coordinates of the control point. For vertical datum of the control 
stations, leveling from known bench mark was carried out by using 
the digital level instrument. 
 
 As the Trimble VX has an optical plummet, the instrument can be 
centered over the known control point. And by back sighting to a 
target at the next known control station, the true grid bearing was 
orientated. This plus factor is an advantage over other TLS systems 
that could not be setup over known points. Using this setup method, 
the needs to place registration targets around the site were eliminated. 
However, if the need arise, the forward and back known control 
station can be used as registration targets. 
 
 
 
 
Figure 3.5 Survey controls around excavated pond 
 
 
3.6.2 Scanning Survey 
 
 To ensure that minimum scan points were available for processing, 
one complete scan of the site at a low grid density was captured 
(figure 3.7) from each control station. The horizontal grids spacing 
range was set at ten meters and the vertical grids spacing at 1 meter. 
These grids spacing were controlled by the setting of scan parameters 
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from the TCS2 data logger controller’s program. Upon completing 
the first scan, photograph images were captured with the built in 
camera. Photograph images of the scene were useful in the 
identification of “unwanted” or “noisy” scan points during post 
processing. 
 
 A second scan of the site was conducted at a closer grid density of 
0.200 meters in both horizontal and vertical grids. This ensured that 
the surfaces captured depict a more accurate digital terrain model 
(DTM) during post processing.  As the Trimble VX scanning 
function allows for selective scanning of surface areas, pipe outlets 
and other fine details were scanned at a closer grid density of 0.050 
meters for better measurement accuracy. 
 
 As derived by Bryan et al (2004), the point density required on the 
surface was based on the formula;  
 
Q = 1 – (m/s) 
 
 Where Q is the quality or resolution of data, m is the point density in 
millimeters on the object, and s is the minimum feature in 
millimeters size. 
 
 For this instance, to capture at a point density of 200mm over a 50 
meters surface will yield a confidence level of 99% of capturing the 
details.  
 
 The process of having overlapping scan from different control station 
was to ensure that missing surface features were covered to create an 
accurate meshed model. 
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Figure 3.6 Laser scanner setup on site 
 
 
 
 
Figure 3.7 Overlapping of scans 
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3.6.3 Conventional Survey 
 
 The survey was carried out using the same four control stations so as 
to eliminate systematic errors. Using the robotic function of the 
Trimble VX, the profile of the excavation site was mapped. The 
muddy and soft ground condition of the pond bed restricted the 
surveyor’s movement to cover the ground at closer interval. The 
slippery slope is another reason that surveyed points were confined 
to the top and bottom slope of excavation. A total of 180 points were 
surveyed, however each points carried some form of errors due to the 
difficulties of holding the prism pole in a vertical position and the 
puncturing of the prism pole sharp bottom tip into the soft ground 
instead of resting on the ground. 
 
3.6.4 Post Processing of Scanned Data  
 
 The complete scan of the excavation site consisted of a total of 
51,775 points. The first procedure was to filter off “noisy” points in 
the point clouds by segmentation. Proper segmentation was required, 
so as not to generate “spike” during the generation of DTM of the 
surface. This in term will have an effect on the calculation of volume. 
“Spikes” were caused by floating points that were not properly 
cleaned during segmentation process. These floating points were 
scanned and recorded when the laser beam hit moving or stationary 
objects such as human beings, vehicles. 
 
 Segmenting the “noisy” points was a tedious process, however with 
the aid of overlaying the photographs that were captured during the 
field work as a back drop, allowed for the visualization of the scene. 
Hence the time taken for this process was reduced significantly.  
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Figure 3.8  Point density  
 
 
 
Figure 3.9  Segmentation of points with aids of photograph  
 
3.6.5 Deliverable of Scanned Data  
 
 After the segmentation process, a meshed model was generated 
basing on the plane projection to a given vertical datum. Details such 
as pipes are modeled using the Modeling mode of the software. 
Contours was generated by the contouring tools and computation of 
cut and fill volume with the volume calculation tool. The model of 
the excavation was presented in 3D for visualization and extraction 
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of data. The whole model can be exported in ACSII and TIN format 
for points and meshed wired frame respectively to standard CAD 
platform. 
 
 
Figure 3.10  Point clouds model of pond 
 
Figure 3.11  Terrain mesh model and rendering of pond 
 
3.6.6 Deliverable of Conventional Survey Data 
 
 In conventional survey the ground points were captured in bearing 
and distances format. The points were feature coded during the field 
recording with the data logger. The processing of the field data 
generation was by the Trimble Geomatics Office software. From the 
processed data, TIN and volume calculation was generated. 
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Processed points were exported to CAD software for the preparation 
of topographical plan.   
 
 
 
Figure 3.12  Topographical plan 
 
 
 
Figure 3.13 Topographical plan (enlarged) 
 
 
 
 
3.7 Topographical Survey 
 
The aim of this part of the research study was to test the feasibility of 
using TLS to perform a topographical survey on a strip of road. A 
part of Venus Drive was selected for the survey. 
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3.7.1 Control Survey 
 
For the purpose of this research, an arbitrary survey datum was 
adopted for the topographical survey. Deviating from the normal 
survey traversing, an open loop arbitrary survey controls were 
established. Two survey marks were established at about 100 meters 
apart and secondary controls were radiated from the two primary 
controls. 
 
3.7.2 Scanning Survey 
 
 The scanning procedure applied was similar to the excavation site. 
Surfaces and objects were scanned selectively instead of as a whole. 
This enabled the reduction in scanned time on site. The scanning of 
objects that were vertical to the field of view of the telescope was 
never an issue. However, it was observed that features that were 
flushed at ground level or depression in the ground surface and drain 
inverts were hard to define in the scanning process. To solve this 
problem, these features were surveyed by conventional method using 
the instrument’s robotic function.  
 
3.7.3 Deliverable of Scanned Data  
 
Deliverable can be in the form the point clouds or 3D meshed model. 
The model was generated from the processed point clouds based on a 
plane projection to a vertical datum. With this 3D model, surface 
information and features can be extracted for further analysis.  
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Figure 3.14 Point clouds of road 
 
 
Figure 3.15 Meshed model of road  
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Figure 3.16 Extraction of information from model 
 
3.8 Laser Scanning Procedure 
 
The typical laser scanning survey starts by collecting field scan data. 
The point clouds collected in the field can be manipulated by 
proprietary software to generate 2D or 3D topographical maps and 
plans. 
 
Figure 3.17      Workflow and deliverables flow chart (source Cyra  
Technologies Inc.) 
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3.9 Conclusion 
This chapter covered the hardware and software used in this research 
project. The method of planning and establishing of survey controls 
and the procedure of scanning and the needs to overlap the scan lines 
was explained. In post processing, the need to carrying out 
segmentation of unwanted points and the meshing of the point clouds 
model was discussed. The results obtained by each stage of the work 
will be analysed and discussed in the next chapter. 
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CHAPTER 4 
 
RESULTS AND ANALYSIS 
 
4.1 Introduction 
 Both the conventional and scanning method used in this project have 
sources of errors. This chapter analysed and discussed the data 
captured, the errors and effects occurred for both methods of surveys. 
 
4.1.1 Manufacturer’s Specification 
 
 Table 3.1 shows the results of the baseline test residuals after 
applying least square adjustment to the scanned points. Values in 
black were measured at the baseline and those shown in red are the 
known base measurement. The results showed that for a scanning 
range of two (2) meters to one hundred eighty four (184) meters, the 
residuals varies from ± 1mm to 5mm which is within the 
specification of the manufacturer. 
  
5 6 7 Pillar 
Distance 
(m) 
Residual 
(mm) 
Distance 
(m) 
Residual 
(mm) 
Distance  
(m) 
Residual 
(mm) 
82.491 143.880 184.147 
4 
82.489 
+2 
143.881 
-1 
184.142 
+5 
 61.394 101.656 
5 
 
 
61.392 
+2 
101.653 
+3 
  40.264 
6 
 
 
 
 
40.261 
+3 
 
Table 4.1 Baseline test residuals 
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 The full specification of the instrument is listed in appendix I of this 
research. Test on the scanning range against the known electronic 
distance measurement (EDM) baseline show that the measurement 
can be made from between 2 meters to 180 meters. Beyond the 180 
meters range, there was no return signal using the direct reflex 
(rector less) measurement. With the prism mode setting, distances of 
500 meters were achievable.  
 
4.2 Data Comparison 
 
 To check for the ambiguity of results, comparisons were made to the 
spot levels surveyed by both the scanning and conventional methods. 
Comparison was also made to the volume calculation by both 
methods using different software. As for the road topographical 
survey, random points were extracted from the generated mesh 
model. These points were then stakeout on site, in a reverse manner 
of office to field procedure, to determine the values with that on site. 
  
Comparison of spot level at top of slope 
102.500
102.550
102.600
102.650
102.700
102.750
102.800
102.850
102.900
102.950
103.000
Distance ( m x 10 )
Le
v
el
T opographic points 102.675102.811 102.841102.830102.911 102.832102.788102.819102.807 102.672
Scanned points 102.682102.812 102.842102.826102.908 102.829102.864102.940102.886 102.665
1 2 3 4 5 6 7 8 9 10
 
Table 4.2 Comparison at top slope 
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Comparison of spot level at slope bottom pond bed
100.600
100.650
100.700
100.750
100.800
100.850
100.900
Distance (m x10)
Le
v
el
Topographic points 100.745100.749100.728100.709100.760 100.774100.842100.714100.760100.756
Scanned points 100.746100.756100.728100.715100.758 100.774100.842100.714100.760100.744
1 2 3 4 5 6 7 8 9 10
 
Table 4.3 Comparison at bottom slope 
 
From the two tables above, the difference in levels for the two 
methods were; 
• Between -7mm to + 7mm for level at top slope. 
• Between -7mm to +8mm for level at bottom slope. 
Results at 70-90m of the top slope showed inconsistence in levels 
that might be due to random errors. 
 
 Table 4.3 shows the volume calculation for pre-excavation; post 
excavation and final mass haul volumes. 
 
  RealWorks Survey 
(Scanning) 
Trimble Geomatics 
Office  
(Traditional) 
Pre Volume 30424.434 cu m 30391.636 cu m 
Post Volume 14811.392 cu m 14956.615 cu m 
Excavation volume 15613.042 cu m 15435.021 cu m 
 
Table 4.4 Volume calculations by different software 
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The differences in the computed volumes were: 
• Pre-volume a difference of -32.796 cu m, at 0.11% 
• Post-volume a difference of 145.22 cu m, at 0.98% 
• Mass haul volume a difference of 178.02 cu m, at -1.14%  
 
The above showed that scanned point clouds volume generated by 
the Trimble RealWorks Survey Advanced software differed by -1.14 
per cent, to the volume calculated by Trimble Geomatics Office for 
the conventional survey. 
 
Stakeout 
Point no 
Extracted 
Point no 
∆ Horiz 
Dist(mm) 
∆ Vertical 
Dist(mm) 
∆ North 
(mm) 
∆ East 
(mm) 
5500 500 6 -3 2 -6 
5501 501 10 -3 10 4 
5502 502 17 -3 15 8 
5504 504 13 -3 5 12 
5505 505 7 -1 3 6 
5506 506 4 -3 4 -1 
5507 507 8 2 2 -8 
5509 509 6 0 -2 5 
5510 510 8 -6 6 -4 
 
Table 4.5  Point comparison for Venus Drive 
 
As shown in the table above, the differences in extracted levels to 
that of the stakeout levels on site, varies between -6mm to 2 mm. 
This indicate that interpolated post processed information conformed 
to that on the ground. 
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4.3 Environmental Effects 
 
The scanning of the pond was done in open environment with on-
going construction activities. Dust is a major concern, as small 
grainy particles will affect the rotating servo mechanism of the 
instrument. This will leads to the degradation of the horizontal and 
vertical axes which in turn affects the accuracy of the scan.  However 
as this survey was completed in a short time, the effects of dust is 
negligible. 
 
Vehicular and human movements were problems during the 
topographical scanning. The slower the movement, the more “noisy” 
points were being captured. And there was also the problem of 
vehicle stopping by the side of the road; however this was resolved 
by a re-scan of the scene. 
 
4.3.1 Temperature  
 
 The temperature during the scan was within the manufacturer’s 
operating specification. Hence there was no effect on the scanning 
survey. 
 
4.3.2 Water and Wind  
 
 As it was not raining and that was no wind during the scanning 
process, no report on the effect of the scan can be summarized. A 
simulated scenario was carried out at another location to determine 
the effect of water on the scan. The ambiguity of the scan result was 
not conclusive because of the ripples on the water surface that was 
whipped up by the wind. Further investigation is recommended to 
ascertain the water factors.   
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Figure 4.1 Scanned points in water 
 
4.4 Conclusion 
  The project aims was to test the feasibilities and accuracies of the 
TLS in working environment of earthwork and topographical survey. 
Since only one model of the laser scanner was available for the 
research, the results obtained only reflected this single equipment 
model.  
 
 It was discovered that occlusion at boundary of objects have an 
impact on the spatial data collected. Environmental effects have little 
or no influences on the results obtained. At the research sites, the 
effect of water was not determined because there was none during 
the time of survey. An alternate test carried out at another location 
yielded no conclusive results.   
 
 Overall for the two test sites, the comparison made between the two 
methods of survey and the reverse procedure of ‘model to field’ 
showed the results that were acceptable and within the industry 
tolerances.  
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CHAPTER 5 
 
 
5.1 Conclusions 
 
In carrying out a task, the surveyor always decided on the most 
appropriate equipments and the most economical method to get the 
job done. Today in the market, there are many microchip-based 
instruments, such as GPS, robotic total stations, digital levels for the 
surveyors to utilize. Over the years, bulky expensive survey 
equipments have been replaced by smaller affordable and yet 
powerful equipment. One such equipment is the 3D terrestrial laser 
scanner. 
 
Terrestrial laser scanning has being employed in the applications of 
built environment, monitoring and oil and gas industries since its 
inception. In recent years, surveyors are looking into opportunities of 
applying this system to other areas of survey. The general benefits of 
using a 3D terrestrial laser scanner are: 
• High productivity 
• Lower cost to certain projects 
• Provide greater safety in the course of work 
• Reduced errors in data capture and omission 
• Ability to retrieve data without returning to site 
• Seamless integration with industry standard CAD software 
• Provides added value services to clients, in term of 
o 3D deliverables 
o More detailed topography and as-built survey 
o Provision of photograph images 
 
In years to come, the need for surveyor to produce more accurate 
details for design-build process would become more demanding. 
Surveyors constantly have to look into alternative to achieve the goal. 
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5.2 Discussions 
The traditional method of engineering survey, such as those in 
earthwork and topographical surveys required the moving and 
placing of survey targets at the desired positions for the surveyors to 
radiate with the total station. With a laser scanner, thousand of points 
on the subjected surface are scanned by laser beam in a very short 
period of time with minimum movement of manpower. 
 
This project research was conducted at two localities. The first area 
of survey was an excavation work site. The intention of this study 
was to check for the ambiguity of the scanning method and 
comparing to that of total station. The comparison of spot levels and 
mass haul volumes generated by the two methods showed that 
scanning is able to achieve the same or even better results to that of 
total station. In term of cost effectiveness and delivery, scanning 
outweighs that of traditional survey.  
 
The second project conducted at Venus Drive was for the study of 
carrying out topographical survey with the use of TLS. The 
correctness of interpolate information extracted from the meshed 
road model were checked by staking out on site. The results obtained 
were able to convince end users on the high level of confidence when 
interpolating from the deliverable. The drawback of this system was 
the inability to survey features that were ‘flushed’ with ground level 
and drain inverts. Any other features that were vertical to the ground 
were scanned with ease. To complete the topographical survey, 
traditional total station was needed to supplement the scanning. 
 
Concluding, 3D terrestrial laser scanning provides reliable and 
accurate solution. Although the benefit of laser scanning is numerous, 
it cannot completely substitute for traditional surveying. The 
integration of conventional survey and GPS with laser scanning is 
still the requirement for certain projects. 
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5.3 Recommendation 
 
The test studies are conducted on areas which are required to show 
the feasibility and accuracy of conducting laser scanning in the two 
selected applications. Further researches are recommended on other 
aspects such as effect of shallow water, to ascertain the completeness 
of laser scanning.  
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Appendix D Volume Reports 
 
 
 
Fig. A TIN generation with Trimble Geomatics Office software 
 
 
 
 
Volume generated by Trimble Geomatics Office Software 
 
 
Volume Above an elevation  
Project Pond 2 (Laguna) 
 
 
Surface: Pre Excavation  
Base elevation                                                  100.000 
meters 
Plan area above base elevation                                  8651.4 Sq. 
meters 
Surface area above base elevation                               8679.5 Sq. 
meters 
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Volume above base elevation                                           30391.636 Cu 
Meters 
 
Centroid of model above base elevation                                  33170.896 
Northing 
                  41734.089 
Easting 
 
 
Surface: Post Excavation  
Base elevation                                                  100.000 
meters 
Plan area above base elevation                                  8662.9 Sq. 
meters 
Surface area above base elevation                               9117.1 Sq. 
meters 
Volume above base elevation                                           14956.615 Cu 
Meters 
 
Centroid of model above base elevation                                       33170.848 
Northing 
                                                                                                       41733.989 
Easting 
 
 
Volume of excavation  = 30391.636 - 14956.615 cu meters 
    = 15,435.021 cu meters 
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Appendix E Volume Report 
 
Volume generated by Trimble RealWorks software 
 
Volume Calculation Report 
 
User Name: Heng Fook Hai 
Date: Fri Jun 20 12:47:56 2008 
Project Name:                   
Pond 2 
Linear Measurement Units: Meter 
Coordinates System: North, East, Elevation 
 
 
 
Pre-excavation 
 
GENERAL  
Grid size: 207 Columns by 141 rows  
DeltaX: 1.000 m 
DeltaY: 1.000 m 
X-Range: 41633.890 m to 41840.890 m 
Y-Range: 33097.190 m to 33238.190 m 
Z-Range: 100.000 m to 104.054 m 
 
CUT & FILL VOLUMES  
Positive Volume [Cut]: 30424.434 m3 
Negative Volume [Fill]: 0.000 m3 
Cut minus Fill: 30424.434 m3 
Cut plus Fill: 30424.434 m3 
 
AREAS  
Positive Planar Area (Upper above Lower): 8586.000 m2 
Negative Planar Area (Lower above Upper): 0.000 m2 
Total Planar Area: 8586.000 m2 
Positive Surface Area (Upper above Lower): 8807.429 m2 
Negative Surface Area (Lower above Upper): 0.000 m2 
 
 
Post-excavation 
 
GENERAL  
Grid size: 207 Columns by 142 rows  
DeltaX: 1.000 m 
DeltaY: 1.000 m 
X-Range: 41633.886 m to 41840.886 m 
Y-Range: 33096.932 m to 33238.932 m 
Z-Range: 100.000 m to 104.480 m 
 
CUT & FILL VOLUMES  
Positive Volume [Cut]: 14811.392 m3 
Negative Volume [Fill]: 0.000 m3 
Cut minus Fill: 14811.392 m3 
Cut plus Fill: 14811.392 m3 
 
AREAS  
Positive Planar Area (Upper above Lower): 8539.000 m2 
Negative Planar Area (Lower above Upper): 0.000 m2 
Total Planar Area: 8539.000 m2 
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Positive Surface Area (Upper above Lower): 9393.544 m2 
Negative Surface Area (Lower above Upper): 0.000 m2 
 
 
 
 
Appendix F Points extracts from meshed model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
59 
Appendix G Field note of stakeout points 
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Appendix H Comparison of extracted and stakeout pts 
 
 
 
 
 
61 
Appendix I  Trimble VX Spatial Station 
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